Background: Oral mucosal melanoma (OMM) is relatively rare, runs an aggressive course, affects most frequently the hard palate and the maxillary gingiva, and may be multifocal. The aetiological factors and the chain of molecular events that give rise to OMM and to its growth and metastasis are largely unknown. Objectives: The purpose of this retrospective study was to characterize some clinical and histopathological features of OMM in a South African sample.
Introduction
During embryonic development, melanocyte precursors migrate from the neural crest and differentiate into melanocytes that will reside in the skin and in various mucous membranes. In the oral mucosa, melanocytes are found mainly in the basal cell layer of the epithelium but sometimes also in the submucosa where occasionally melanocyte precursors during their migration from the neural crest towards the epithelium become arrested. 1 Most oral mucosal melanomas (OMMs) arise from epithelial melanocytes but some may arise from melanocytes in the submucosa or in the lamina propria. 2 OMM is rare, accounting for approximately 1% of all melanomas, and 25% of mucosal melanomas of the head and neck. They constitute only 0.5% of all oral malignancies. OMMs are usually painless and grow quickly and therefore are diagnosed late in the course of the disease when the lesions are already large. OMMs metastasize to regional lymph nodes early in the course of the disease and spread to distant sites by haematogenous dissemination, usually to lungs, bone, liver, brain and skin. [2] [3] [4] The prognosis is poor with a reported 5-year survival rate of 15-20%. 5, 6 Although the pathogenesis remains largely unknown, malignant transformation of melanocytes occurs through the sequential accumulation of an unknown number of genetic and molecular alterations. The nature, number, type and sequence of these alterations differ among the various types of melanoma. Tumours arising from sun-exposed and non-sun exposed skin, acral lesions and those arising in the mucosa of the upper aerodigestive tract or of the anogenital tract may differ substantially in their oncogenic pathways. [6] [7] [8] [9] Interaction between multiple signalling pathways activated by various ligands is required for malignant transformation to occur, and there is evidence that by-products of melanogenesis, melanin itself and microenvironmental biological mediators regulating melanogenesis and regulating the function, proliferation and differentiation of melanocytes play a role in the pathogenesis of OMM. 2, 10 The aim of this study is to report a series of cases of OMM in a South African population sample from the greater Johannesburg area and to assess the frequency of expression of c-Kit (CD117) in these cases.
Material and methods

Data collection
The data of all cases of OMM recorded in the Divisions of Oral Pathology and of Anatomical Pathology, University of Witwatersrand, Johannesburg, over the 45-year period 1968-2013 were reviewed. Data on pre-existing oral melanotic lesions, alcohol consumption, tobacco, betel/areca nut use and other risk factors were not systematically documented in the clinical records accompanying the specimens submitted for histopathological examination and so had to be omitted from the study. Age, gender, ethnicity/race, oral site affected, histopathological type, pattern and degree of pigmentation and cell morphology were tabulated.
Diagnostic criteria
A diagnosis of OMM was made when the microscopic examination of haematoxylin and eosin-stained specimen showed radial and/or invasive proliferation of atypical melanocytes; and when in the formalin-fixed paraffin-embedded sections, the immunomarkers S100, melan A, HMB 45 and microphthalmia-associated transcription factor (MITF) were detected. The degree of melanin pigmentation was categorized into amelanotic, moderate or intense according to the judgement of the reporting oral pathologist.
Inclusion and exclusion criteria
Only intra-oral melanomas were included in the study. Specimens of melanoma from the lip, salivary glands or maxillary antrum and melanomas metastatic to the oral cavity were excluded.
Immunohistochemical procedures
Although most of the cases predated the introduction of immunohistochemistry, in the few cases where immunohistochemical staining had been performed, the tumours had stained positively for S100, melan A (Novocastra, Newcastle upon Tyne, England), HMB 45 and MITF (Dako, Glostrup, Denmark). This is the panel of staining agents which is still routinely used in our laboratory for the immunohistochemical diagnosis of melanoma.
Immunohistochemistry was performed on deparaffinized 4 mm sections with polyclonal rabbit anti-human antibody, CD117, c-Kit (code A4502, Dako, Glostrup, Denmark), at a dilution of 1:750, using standard recommended manufacturer's procedures and protocols. Appropriate positive controls were used, along with the omission of the primary antibody as a negative control. The chromagen used was 3-amino 9-ethylcarbazole. Red staining of the cell membranes was regarded as positive.
Ethical clearance
The ethics clearance numbers, M131063, specific for this study and M10744 for use of archival block material obtained from human tissues were issued by the Human Research Ethics Committee (Medical) of the University of the Witwatersrand, Johannesburg.
Results
The study population comprised 17 persons who had a total of 22 sites affected by OMM (Table 1 ). Thirteen persons (76%) had one site affected, three (18%) had two sites affected and only one (6%) had three sites affected by OMM. It was not possible to determine whether those persons with multiple affected oral sites had individual lesions of multifocal origin or multiple lesions that were a manifestation of lateral spread.
The demographic data are shown in Table 1 . There was a wide age distribution. All persons were Black, except for one whose ethnicity was not recorded. The female to male (F:M) ratio was 1:0.9. In all cases, either the hard palate or the gingiva was affected.
It was not possible to characterize all the histological features of OMM as most of the specimens consisted of small incisional biopsies and few included any surface epithelium. When present the surface epithelium often showed no significant pathological change and no connection to the tumour ( Figure 1 (a) to (c)). Two cases showed features of atypical lentigenous hyperplasia with junctional proliferation. Only one case could be classified as an in situ melanoma with a radial growth pattern. This case showed Pagetoid spread and junctional activity forming nests of atypical melanocytes at the tips of the rete ridges (Figure 1 (b) and (d)).
Morphologically, the tumour cells were arranged in solid sheets, invasive nodules or trabeculae, often exhibiting alveolar and organoid histomorphological growth patterns. The tumour cells were epithelioid, plasmacytoid, spindle, round or rhabdoid in shape ( Figure 1 (e) to (g)). Increased and abnormal mitotic activity was present in all cases and the tumour cells invariably displayed prominent amphophilic nucleoli (Figure 1(g) and (h)). Most cases showed variable amounts of melanin, which at times was so abundant that the pigment obscured the tumour cells (Figure 1(a) ). There were no amelanotic cases. Perineural infiltration was evident in a few cases.
As most of the biopsy specimens were small, it was not possible to assess features such as tumour depth (Breslow thickness), evidence of host immune response causing tumour regression and presence and number of tumour infiltrating lymphocytes. Owing to this nature of the biopsy specimens, in 13 cases (76%), it was not possible to establish with certainty whether the tumour had arisen from epithelial melanocytes or from melanocytes in the lamina propria; certainly one case (6%) arose from melanocytes in the lamina propria as there was no evidence of a physical connection with intraepithelial melanocytes; and three cases (18%) arose from intraepithelial melanocytes that showed junctional activity.
C-kit (CD117; Dako, Glostrup, Denmark) immunopositivity was noted in four cases (23.5%). In three of these, the staining distribution was diffuse while in the remaining case it was focal. The intensity of staining varied from faint to intense. Staining of the cell membranes created a 'chicken wire-like' staining pattern (Figure 2 
Discussion
The mechanisms causing malignant transformation of normal melanocytes are unknown; but it is very likely that complex processes such as dysregulation of the cell cycle, of apoptosis 11 Melanin itself, melanin intermediates and melanocortin receptor 1 (MC1R) genetic polymorphism also appear to play a role in the pathogenesis of OMM. 2, 12, 13 Melanins, brown-black eumelanin and yellow-red pheomelanin are ubiquitous animal pigments, produced within melanocytes in membrane bound organelles named melanosomes. 14 Melanins are polymers, enzymatically synthetized from tyrosine through a complex process. Melanins determine colour of the skin, eyes and hair and also influence the colour of the oral mucosa; they sequester metalic ions, bind drugs and organic molecules and neutralize reactive oxygen species (ROS), thus providing some protection from microenvironmental stressors. 1 However, on the other hand, melanogenesis itself, particularly the process of production of pheomelanin, if dysregulated, generates ROS that may cause DNA damage, and metabolic by-products of melanogenesis themselves may be cytotoxic, genotoxic or mutagenic, 1,2 thus contributing to the development of melanoma.
It has been shown that in melanoma cells the melanosomes are abnormal showing loss of integrity of the melanosomal membrane with leakage of melanin fragments, of intermediates of melanogenesis and of ROS into the cell. 14 These toxic agents may damage mitochondria causing increased intracellular levels of Ca 2þ and of Fe 2þ that is released from intracellular ferritin stores, further generating ROS, thus adding to the DNA damage and to the increased risk of genetic mutations. 15 Moreover, the binding of Fe 2þ to melanins initiates a further low-level oxidative stress, which together with other environmentally derived redox-active metals within melanocytes, may promote melanomagenesis. 14 Tyrosinase, tyrosinase-related protein (TRP)-1, TRP-2, p protein and melanoma antigen recognizable by T-lymphocytes are important proteins and enzymes for the formation and maintenance of the structure of melanosomes and for melanin biosynthesis. 1, 16 Polymorphism of pigmentory genes encoding some of the above-mentioned proteins has been implicated in the pathogenesis of cutaneous melanoma, 17 and it is possible that these gene variants also play a role in the development of OMM, but further research is needed to explore this possibility.
Pro-opiomelanocortin and its derivatives, particularly a melanocyte-stimulating hormone (aMSH) are agonist ligands of the MC1R on melanocytes. aMSH/MC1R intracellular pathway in melanocytes triggers the production of both brown-black eumelanin and of yellow-red pheomelanin and regulates some functions of melanocytes, including melanocyte proliferation and differentiation. 1, 16 In Whites, MC1R gene is highly polymorphic with some genetic variants mediating the production of more pheomelanin and less eumelanin, with the generation of more mutagenic-free radicals, that may, as has been explained above, play a role in the initiation and progression of melanoma. 13, 18 In addition to the unique role of the aMSH/MC1R pathway in melanin production, non-melanogenic functions of MC1R mediated via the aMSH/MC1R pathway include regulation of local inflammatory responses, 17 mediation of melanocyte proliferation and survival, 19 induction of DNA repair following UV-induced DNA damage 17, 20 and diminution of oxidative stresses by reducing the generation of ROS. 21 These important non-melanogenic functions are dysregulated in melanocytes expressing MC1R variants, hence increasing the risk of cutaneous melanomas. 12, 13, 19, 20, 22 Thus, some MC1R variants also play a direct role in the pathogenesis of cutaneous melanoma apart from their role in determining the cancer-prone pigmentory phenotype of red hair, blue eyes and fair skin; and it appears that the risk for melanoma is polygenic comprising interactions between MC1R variants, other pigmentory gene variants and nonmelanogenic genes including DNA repair genes, oncogenes and immuno-inflammatory genes. 17, 22, 23 Not only do the intermediate metabolites of melanogenesis play a role in melanomagenesis, but equally significantly they have immunosuppressive properties. If released into the microenvironment, they may contribute to evasion of immune responses by the melanoma cells, 2 thus rendering ineffective T cell-mediated immune responses against tumour-specific antigens that may directly cause lysis of tumour cells, and therefore limit tumour growth. 24 About 10% of OMM are amelanotic, 25, 26 the rest exhibiting varying amounts of melanin deposits. In our case series, we did not have any cases of amelanotic OMM, but 10 cases (59%) showed intense melanin pigmentation (Table 1) . It is thus clear that the quantum of melanin in most OMM is increased, but it is unclear whether the process of increased melanin production is an early biopathological event in melanomagenesis, contributing to initial transformation of melanocytes, or whether the dysregulated increased production of melanin occurs concurrently with or subsequent to the malignant transformation of normal melanocytes. If the reports that up to one-third of OMMs arise from pre-existing melanin hyperpigmentation are to be believed, it is reasonable to assume that both the dysregulated process of melanogenesis and the pre-existing increased quantum of melanin should be regarded as a risk factor for melanoma. We could not establish whether the OMM in this study arouse de novo or from benign or physiological hyperpigmentations, because this information was not available. 27 Particularly when they affect the palate or the maxillary gingiva, benign oral melanin hyperpigmentations including physiological/racial pigmentations, lentigo simplex, melanotic maculae, pigmented nevi, atypical melanocytic proliferation or Hutchinson's melanotic freckles have been associated with an increased risk of OMM. 25, [28] [29] [30] If some of the melanocytes in these benign lesions happen to have been cytogenetically altered by one of a variety of intrinsic or extrinsic agents so that these cells are already predisposed to malignant transformation, additional molecular alterations to the melanocytes of these usually benign melanotic lesions will bring about the development of OMM. 3, 7 Any signs of changes in size, colour, texture or contour in histopathologically confirmed benign melanotic hyperpigmentations, should arise suspicion and prompt another biopsy and treatment based on the histopathological findings. 3 Non-familial cutaneous melanomas (excluding acral melanomas) may show inactivating mutations of the tumour suppressor gene PTEN; genetic alterations of receptor tyrosine kinases and its downstream neuroblastoma rat sarcoma (NRAS)/B-rapidly accelerated fibrosarcoma (BRAF)/extracellular signal regulated kinases (ERK) pathway; upregulation of mitogen activated protein kinase ([MAPK] also known as RAS/ RAF/MEK/ERK pathway); or activating mutations of BRAF or NRAS. In contrast, mucosal and acral melanomas show gainof-function mutations of c-Kit receptor (CD117) in up to 40% of cases but lack mutations in either NRAS or BRAF. 9, 11, 31 c-Kit, a tyrosine kinase receptor, and its ligand, stem cell factor, play an essential role in melanocyte development during embryogenesis, 32 and later post-developmentally in regulation of growth, proliferation and differentiation of melanocytes. 33 In melanocytes, overexpression of c-Kit and gain-of-function mutations or amplification of c-Kit gene activate the intracellular molecules, RAS and RAF that are involved in the MAPK transduction pathway, resulting in increased cell proliferation and cell survival. [33] [34] [35] These molecular events characteristic to mucosal melanomas occur independent of NRAS or BRAF molecular alterations 35 . These distinct molecular alterations in mucosal melanomas indicate that the pathogenesis of mucosal and cutaneous melanomas differs, and that in those subjects with OMMs expressing KIT gain-of-function mutations, treatment with c-Kit inhibitors that target c-Kit intracellular molecular pathways may bring about beneficial clinical outcomes. 36 In our series, four cases (23.5%) overexpressed c-Kit, but we have not yet confirmed whether gain-of-function mutations were present.
OMM is a relatively rare cancer, accounting for about 0.5% of all oral cancers. 7, 37 Only 17 confirmed cases of OMM have been diagnosed at this department of oral pathology during the 45-year period between 1968 and 2013. For unknown reasons, OMM more frequently affects Blacks, American Indians and Japanese, than Whites (Caucasians). 2, 26, 28, 29, 34, 38, 39 Despite the fact that this laboratory provides services to all Blacks, Whites and minority ethnic groups, in this case series, 94% of the persons with OMM were Black. To the best of our knowledge, the prevalence of OMM among Blacks and Whites in South Africa is unknown.
Clinically, most cases of OMM are irregularly shaped macular, nodular or plaque-like lesions or a combination of these forms. They vary in colour from black to dark blue-grey to brown. 2, 40 The primary lesion is often surrounded by one or more satellite nodules. Although various authors reported either male or female predominance of OMM, in our cases, the gender distribution was equal. Most studies have reported that the anterior hard palate and maxillary gingiva are the most commonly affected sites with other oral sites occasionally affected. In all of our cases, the palate or gingiva were affected. The age of the subjects in our case series ranged from 20 to 78 years (Table 1) with a peak frequency after the age of 50 years, in agreement with the literature. 4, 26, 41, 42 The 5-year survival rate of OMM is poor (15-20%), with a mean survival time of 2 years. 2, 43 Larger size at diagnosis, a deeper invasive front, higher mitotic rates, vascular or neural invasion, upregulation of expression of vascular endothelial growth factor, hypoxia-inducible factor 1-alpha and CD34 at the invasion front, aberrant expression of p53 protein and loss of expression of p16 are some of the clinical, microscopical and molecular factors associated with poor prognosis. 9, 44, 45 Histopathologically, OMM are classified as in situ in which the tumour is limited to the epithelium and the epithelial-connective tissue interface; invasive in which the melanoma cells have invaded the lamina propria or beyond; and a combined pattern in which parts of the lesion are in situ and parts have become invasive. 25, 38, 40 It has been reported that at the time of diagnosis, about 15% of OMMs have an in situ pattern, 30% an invasive pattern and 55% having a combined pattern. 25, 40 Like cutaneous melanomas, the invading OMM cells are polymorphic varying from epitheloid to plasmacytoid to spindle shaped and are usually arranged in sheet-like solid, nodular, trabecular or alveolar configurations. 26, 28, 29, 40, 46 OMM can arise either from melanocyte progenitors residing in the oral epithelium or from melanocyte progenitors residing in the lamina propria or submucosa. 2 In this case series, owing to the inadequacy of the biopsy specimens, in 13 cases (76%), it was not possible to establish with certainty whether the OMM had arisen from epithelial or from lamina propria melanocytes. However, we are confident that one case (6%) arose from melanocytes in the lamina propria, as there was no evidence of their physical connection with intraepithelial melanocytes breaching the basement membrane; and one case (18%) definitely arose from intraepithelial melanocytes that showed junctional activity with a radial growth pattern.
It is difficult to gain a complete picture of the entire pathological spectrum of OMM, firstly because the disease is rare, secondly the tumour is aggressive and rapidly growing and too often is diagnosed late in the course of the disease and thirdly because biopsy specimens are often incisional and small and not representative of the entire tumour. Therefore, the full depth of the tumours, the features of the lateral margins and often even their surface features cannot be characterized. All these limitations apply to our study so it was not possible to systematically classify the histopathological patterns of our OMM cases. Further research is required to identify all the oncogenic events necessary for the progression of benign fields of oral melanin hyperpigmentations to OMM and to determine whether or not extrinsic factors play any role in melanomagenesis.
Conclusion
The pathogenesis of OMM is complex. Only some of the dysregulated intracellular molecular pathways have been identified, but there are no established risk factors associated with OMM. It predominantly affects the palate and gingiva, with no gender predilection. In general, mucosal melanoma runs a more aggressive clinical course than cutaneous melanoma, with distinctive molecular tumorigenic pathways. Oral melanotic hyperpigmentations should be biopsied and histologically examined to promote detection and adequate treatment of any atypical melanocytic lesions.
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